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Nicholas  Pertsas,  Eugene  Covert 
Massachusetts  Institute of Technology 
SUMMARY 
Wind  tunnel  investigation of the  static  aerodynamic 
characteristics of three  sharp-edged,  slender  wings  were  conduct- 
ed at  subsonic  speeds  using  a  maqnetic  suspension  and  balance 
system.  Measurements  of  lift, drag, and. pitching  moment 
coefficients  were  made at angles  of  attack  from 2' to 30° 
at a  Reynolds  number of the  order of 1 x lo5 and  a  Mach 
number  of  approximately 0.05. 
The  results  were  expected  to  be  relatively  free  from 
Reynolds  number  effects  due  to  the  sharp  leading  and  trailing 
edges  of  these  wing  planforms,  and  therefore  in  agreement  with 
la.rger scale  data. 
Comparison of the  present  results  is  made  with  previously 
published  experimental  data,  as  well  as  with  a  theoretical 
model  using  the  leading-edge  suction  analogy. 
The agreement  of  the  present  results  with  data  obtained 
at  test  Reynolds  numbers  an  order of magnitude  larger  is 
considered  good,  thereby  validating  the  small  scale  tests. 
INTRODUCTION 
In recent  years,  the  trend  in  wing  design  for  application 
to  supersonic  aircraft  has  been  toward  planforms  of low aspect 
ratio  and  large  leading ed.ge sweep  angle. In particular,  the 
delta  wing  and  related  wings  with  sharp  leading  edges  have 
been  the  subject  of  considerable  theoretical  and  experimental 
investigations.  Application  of  simple  potential  flow  theory 
has  proven  to  be  inadequate in predicting  the  aerodynamic 
characterist ics of these  wings ,  s ince  the  f low over  such  wings  
a t  moderate angle of attack i s  c h a r a c t e r i z e d  a t  subsonic  speeds  
by the  format ion  of  lead ing  edge  separa t ion  vor t ices .  Assoc ia-  
t e d  w i t h  these vortices i s  a n  i n c r e a s e  i n  b o t h  t h e  l i f t  and 
drag  of  the  wing  over  the  poten t ia l - f low case. 
In view of t h e  c u r r e n t  i n t e r e s t  i n  low a s p e c t  r a t i o  
planforms, an experimental  study was undertaken a t  t h e  M.I .T .  
Aerophys ics  Labora tory  to  obta in  the  s ta t ic  force and moment 
c h a r a c t e r i s t i c s  o f  t h r e e  r e l a t e d  d e l t a  wing  conf igura t ions  
a t  low Mach number.  The tests invo lved  the  use  of a magnetic 
suspension  and  balance  system*. The pr imary  purpose  of   these 
tests w a s  t o  e x p l o r e  t h e  a b i l i t y  o f  t h e  m a g n e t i c  b a l a n c e  t o  
provide aerodynamic data on wing model (non-axisymmetric) 
conf igu ra t ions  a t  h igh  angles  of  a t tack  and  compare  th i s  da ta  
wi th  bo th  ava i l ab le  expe r imen ta l  r e su l t s ,  and  cu r ren t  
theore t ica l   methods .   Al though  the   magnet ic   suspens ion  
technique i s  p a r t i c u l a r l y  d e s i r a b l e  f o r  t e s t i n g  a e r o d y n a m i c  
c o n f i g u r a t i o n s  w h e r e  s u p p o r t  i n t e r f e r e n c e  e f f e c t s  a r e  s i g n i f i c a n t ,  
t h i s  was n o t  t h e  m o t i v a t i o n  f o r  t h e  tests d e s c r i b e d  h e r e i n .  
I n  f a c t ,  t h e  p a r t i c u l a r  c o n f i g u r a t i o n s  c h o s e n  were l i k e l y  t o  
b e  r e l a t i v e l y  f r e e  of u n p r e d i c t a b l e  s t i n g  i n t e r f e r e n c e  e f f e c t s .  
Consequently,  comparison with similar d a t a  o b t a i n e d  w i t h  
st ing-supported  models w a s  e x p e c t e d  t o  b e  c l o s e .  Due t o  t h e  
sharp edges of these p lan fo rms ,  s epa ra t ion  occur s  a t  t he  
l ead ing  edge  and  the  r e su l t s  shou ld ,  t he re fo re ,  no t  be  sub jec t  
t o  Reynolds number e f fec ts .   This   should   reduce   the   p roblems 
o f  compar ing  the  p re sen t  r e su l t s  a t  low Revnolds numbers with 
d a t a  o b t a i n e d  i n  l a r g e r - s c a l e  tests. 
*This  balance was developed under sponsorship of t h e  NASA- 
Langley  Research  Center  and is descr j -bed  in  Reference  1. The 
power s u p p l i e s  were deveioped  under  sponsorship  of ARL. The 
authors  thank Mr. Fred Daum of ARL f o r  p e r m i s s i o n  t o  u s e  them 
i n  t h i s  Program. 
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SYMBOLS 
A 
b 
C 
- 
C 
cD 
cD 
0 
cL 
cM 
'1/4 
M 
q 
Re- 
S 
C 
xC 
P 
01 
Wing a s p e c t  r a t i o ,  b 2 / S  
Wing span 
Wing chord 
Mean aerodynamic  chordl (3 c2dy)  
Drag c o e f f i c i e n t  (- Drag 
Drag c o e f f i c i e n t  a t  a = 0 
(2s 1 
L i f t  c o e f f i c i e n t  (- L i f t )  
qs 
Pi t ch ing  moment c o e f f i c i e n t  ( P i t c h i n g  moment 1 
qSC 
Quar t e r  chord  po in t  o f  t he  mean aerodynamic chord 
Mach number 
Dynamic p res su re  
Reynolds number based on mean aerodynamic chord 
Wing planform area 
Center  of  pressure locat ion measured from wing apex 
Angle of a t t a c k ,  d e g r e e s  
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CHAPTER I 
APPARATUS 
Magnetic  Balance  Description 
The  magnetic  balance  used  in  these  tests  is  described 
in  detail  in  Reference 1. The  balance  is  presently  capable 
of  magnetically  suspending  a  variety  of  ferromagnetic  model 
geometries  and  measuring  five  components  of  force  and  moment 
on  the  model  (excluding  rolling  moment). The  forces and 
moments  are  computed  from  the  measured  magnet  coil  currents 
required  to  balance  the  aerodynamic  and  gravity  loads. 
The  measured  magnet  currents,  tunnel  conditions  and  model 
position  data  are  processed  by  a  computer  program  which 
reduces  the  data  to  aerodynamic  coefficient form. The 
data  reduction  techniques  developed  for  this  balance  are 
discussed  in  detail in Reference 2. 
Subsonic  Wind  Tunnel 
The  subsonic  wind  tunnel  used in these  tests  was 
designed  for  use  in  conjunction  with  the  mapnetic  balance 
system  described  earlier. It is an open  circuit,  closed 
jet  tunnel  with  intake  open  to  the  test  room.  A  continuous 
variation  in  velocity  from 0 to 550 ft./sec.  can  be  obtained 
at  the  test  section.  This  corresponds  to  a  maximum  dynamic 
pressure  of 3 6 0  pounds  per  square  foot  and  freestream  Reynolds 
number of 3 .5  x 10 /per  foot.  The  test  section  is  octagonal  with 
inside  dimensions of 6 1/4 inches. 
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Model  Description 
The  models  used  in  these  tests  were  three 7 4 O  leading 
edge  sweep  planforms. The  model  details  are  shown  in  Figure 1. 
The  wings  were  machined  from  fiber  glass  sheet  stock. The body 
4 
cores  for  the  wings  were  machined  from  as-received  Armco 
magnetic  ingot  iron.  The  machined  slots  in  the  model  cores 
permitted  the  same  core  to  be used with all three  wing 
configurations. 
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CHAPTER I1 
DESCRIPTION OF TESTS 
Wind Tunnel Conditions 
Subsonic tests were conducted on t h e  t h r e e  c o n f i g u r a -  
t i o n s  d e s c r i b e d  t o  o b t a i n  t h e  s t a t i c  l i f t ,  d r a g  and  p i tch ing  
moment c o e f f i c i e n t s  o v e r  an  an7le  of a t tack  range  f rom 2' t o  
30'. These m o d e l s   p o s s e s s   a n   a e r o d y n a m i c   r o l l   s t i f f n e s s   a t  
a n g l e s  o f  a t t a c k  o t h e r  t h a n  z e r o  d e g r e e s .  I n  v i e w  o f  t h i s  
f a c t ,  and s i n c e  no magnet ic  control  of t h e  r o l l  d e g r e e  o f  
freedom was a v a i l a b l e  i n  t h e s e  tes ts ,  a l l  t h e  d a t a  o b t a i n e d  
were for  non-zero  angles .  
The nomina l  t unne l  cond i t ions  in  these  tests were a Mach 
number of 0 . 0 5  and a freestream Reynolds number of 4 . 0  x 1 0  
p e r  f o o t .  
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Data Acquisit ion and Procedures 
The s t a t i c  f o r c e s  and moments were ob ta ined  by measuring 
t h e  magnet c o i l  c u r r e n t s  r e q u i r e d  t o  b a l a n c e  g r a v i t y  and aero- 
dynamic loads  on t h e  models. The magnet   currents  were measured 
w i t h   a n   i n t e g r a t i n g   d i g i t a l   v o l t m e t e r .   I n t e g r a t i o n   ( a v e r a g i n g )  
per iod   for   each   cur ren t   measurement  was 1 0  seconds.   Volt-  
meter r ead ings  were recorded w i t h  a d i g i t a l  p r . i n t e r .  The 
1 0  s econd  sampl ing  a t t enua te s  the  e f f ec t s  o f  r i pp le  and. n o i s e  
and provides  an accurate  average of  t h e  c o i l  c u r r e n t  from  which 
t h e  s t e a d y  s t a t e  l o a d s  o n  t h e  model can be obtained. 
The model p o s i t i o n  w i t h  resFect t o  the wind  tunnel  ax is  
was v i sua l ly  mon i to red  and se t  w i t h  t h r e e  t r a n s i t s .  The model 
a b s o l u t e  p o s i t i o n  a n d  o r i e n t a t i o n  was measured t o  t h e  f o l l o w i n g  
est imated accuracy.  
T r a n s l a t i o n s   ( L i f t ,   D r a g ,   S l i p ) :  t O . O O 1  i n .  
Angles   (P i tch ,  Y a w )  : _+0.lo 
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The  procedures  used  for  each  data  point  were  the 
following: 
1. The  desired  model  position  with  respect  to  the 
tunnel  was  indexed  on  the  transits.  The  model  was  then 
translated  and  rotated  to  this  position  with  the  magnetic 
balance  position  control  (see  Reference 1). 
2. The  wind  tunnel  static  pressure  and  temperature 
I were  r corded. 
I 3 .  The  six  magnet  currents  were  sampled  for  10  seconds 
each  and  recorded. 
I 
4 .  The  model  position  was  checked  to  insure  no  change 
in  position  had  occurred. 
5.  The  procedure  was  returned  to  Step 1.
A similar  procedure  as  outlined  above  was  repeated  wind- 
off  with  the  omission  of  Step 2 at  each  model  position  for 
which  wind-on  data  had  been  taken.  This  provided  the  tare 
currents  which  were  required  in  the  data  reduction  process. 
I 
The  resulting  magnet  currents,  model  position  and  tunnel 
conditions  were  processed  by a computer  program  to  reduce 
the  data to aerodynamic  coefficient  form. , 
The  data  were  corrected  for  tunnel  blockage  and  wins 
induced  downwash  using  the  methods  described  in  Reference 3 .  
Test  Results  and  Discussion 
The  drag,  lift and  pitching  moment  coefficients  obtained 
for  the  three  wing  configurations  are  shown  in  Table 1. The 
moment  coefficients  are  referred  to  the  wing  apex.  The 
center  of  pressure  location  for  the  wings  relative  to  the 
mean  quarter  chord  point  are  tabulated  in  non-dimensional 
form. 
The  lift  and  drag  coefficients  are  non-dimensionalized 
with  the  wing  planform  area  and  the  moment  coefficients  are 
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non-dimensional with the mean aerodynamic chord as t h e  
r e fe rence  l eng th .  
The l i f t  c o e f f i c i e n t  versus a n g l e  o f  a t t a c k  f o r  t h e  
models t e s t e d  i s  shown i n  F i g u r e  2 .  A r e l a t i v e l y  small 
d i f f e r e n c e  i n  l i f t  C h a r a c t e r i s t i c s  was observed between the 
three  p lanforms.  
The d r a g  c o e f f i c i e n t  v e r s u s  a n g l e  o f  a t t a c k  i s  shown 
i n  F igure  3 a n d ,  l i k e  t h e  l i f t  c h a r a c t e r i s t i c s  shown i n  
F igure  2 ,  t h e  d r a g  c o e f f i c i e n t  a l s o  shows only  small v a r i a -  
t i o n  f o r  t h e  m o d e l s  t e s t e d .  
The measured pi tching moment c o e f f i c i e n t  v e r s u s  a n g l e  
of a t t a c k  i s  shown i n  F i g u r e  4 .  An i n c r e a s e  i n  p i t c h i n g  moment 
s lope  wi th  ang le  o f  a t t ack  i s  observed as  the wing aspect  
r a t i o  i n c r e a s e s .  The c e n t e r  of p r e s s u r e  f o r  a l l  three configura-  
t i o n s  a p p e a r s  t o  l i e  s l i g h t l y  a f t  o f  t h e  mean quar teF  chord  
p o i n t  and i s  shown i n  F igu res  5 ,  6 and 7 .  A s m a l l  v a r i a t i o n  i n  
t h e  center  of p r e s s u r e  l o c a t i o n  w i t h  a n g l e  o f  a t tack i s  i n d i c a t e d .  
Comparison of present l i f t  c o e f f i c i e n t  d a t a  v e r s u s  a n g l e  
of a t t a c k  f o r  t h e  d e l t a  wing  p lanform wi th  both  theore t ica l  
and expe r imen ta l  r e su l t s  ob ta ined  e l sewhere  i s  shown i n  
F igure  8. The l i f t  c o e f f i c i e n t  v e r s u s  a n g l e  of a t tack f o r  a 
d e l t a  wing wi th  74" lead ing  edge  sweep us ing  t h e  method 
developed i n  Reference 4 i s  shown a s  w e l l  a s  t he  expe r imen ta l  
v a l u e s  o b t a i n e d  i n  r e f e r e n c e  5 f o r  a d e l t a  wing w i t h  75' 
leading  edge  sweep.  The  present  data shows a lower  value 
of l i f t  c o e f f i c i e n t  t h a n  p r e d i c t e d  by both  Polhamus ' s  tMorv  
and t h e  e x p e r i m e n t a l  r e s u l t s  of Reference 5. A p o s s i b l e  cause 
f o r  t h e  l o w e r  v a l u e s  o f  t h e  l i f t  c o e f f i c i e n t  i n  t h e  p r e s e n t  
s tudy  could  be  due  to  t h e  model  bodv e x t e n d i n g  a f t  o f  t h e  
wing t r a i l i n g  e d g e  (see F igure  1 1 ,  t h e r e b y  b e i n g  i n  t h e  
downwash from t h e  wing.   This   explanat ion i s  c o n s i s t e n t  w i t h  
the  behav io r  o f  t he  p i t ch ing  moment c u r v e  i n  F i g u r e  9 .  The 
agreement of t h e  p r e s e n t  l i f t  c o e f f i c i e n t  d a t a  w i t h  t h a t  
ob ta ined  in  Reference  5 i s  w i t h i n  2%,  i n  s p i t e  of an order of 
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magnitude  difference  between  the  two  test  Reynolds  numbers. 
The  present  delta  wing  drag  coefficient  data  plotted  as 
drag  due  to  lift (CD-CD 1 versus  angle of attack  is  compared 
in  Figure 10 with resul?s  obtained in  reference  5  for  a 72.5' 
and 75' sweep  delta  wing.  The  present  results  (74O  sweep 
wing)  are  seen  to  fall  between  the  Reference  5  curves. It 
should  again  be  emphasized  that  though  the  present  test 
Reynolds  number  was  an  order  of  magnitude  smaller,  the  data 
appear  to  agree  with  the  larger  scale  results. 
The  lift  coefficient  data  versus  angle of attack  for  the 
diamond wing  model  is  compared  in  Figure 11 with  Polhamus' 
theory  from  Reference 6. The  agreement  here  is  within 3 % .  Th.e 
diamond  model  body  did not extend  beyond  the  trailing  edge  of 
the  wing  as  in  the  case  of  the  delta  wing  model  (Figure 1). 
This  could  explain  the  closer  aqreement of Pol.hamus'' method with 
the  present  diamond  wing  than  with  the  delta  winq  results  (see 
Figure 8 )  . 
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CHAPTER I11 
CONCLUSIONS 
Subsonic aerodynamic forces and moments over  an  angle  of 
a t t ack  r ange  o f  3 0 °  were obta ined  on t h r e e  low aspect r a t i o  
wing planforms using a magnetic suspension and balance system. 
Comparison of t h e  p r e s e n t  d e l t a  wing d a t a  i s  made w i t h  
experimental  data  o b t a i n e d  i n  o t h e r  i n v e s t i g a t i o n s .  The agree-  
ment o f  t h e  p r e s e n t  d a t a  w i t h  r e su l t s  ob ta ined  a t  a f a c t o r  of 
1 0  h igher  t e s t  Reynolds number i s  considered  good. The lower 
v a l u e s  f o r  l i f t  c o e f f i c i e n t  (%6%) obta ined  here  appear  to  he  
due t o  t h e  model  body e x t e n d i n g  a f t  o f  t h e  wing t r a i l i n f r  e d g e  
and thereby being i n  t h e  wing downwash. 
Comparison  of t h e  p r e s e n t  d a t a  w i t h  Polhamus' theory i s  
shown t o  be i n  c lose aqreement  ( % 3 % )  f o r  t h e  diamond winn  
planform. I n  t he   ca se   o f   t he   de l t a   w ing ,   t he   d i sc repancy  ( . ~ 6 % )  
between t h e  thoe ry  and p r e s e n t  r e s u l t s  c o u l d  a g a i n  be an  
e f f e c t  of t h e  model  body e x t e n d i n q  a f t  o f  t h e  w i n g  t r a i l i n g  
edge. 
1 0  
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TABLE r 
ARROW - WING 
a0 M Re- x10 -5 'cp-'1/4 
C cD cL cM - C 
2 0 .0564 
4 0 .0560  
4 0 .0563 
6 0 .0557 
8 0 .0553 
8 0 .0553 
1 0  0 .0552  
1 0  0 .0548 
1 2   0 . 0 5 4 9  
1 2   0 . 0 5 4 3  
1 4   0 . 0 5 4 3  
1 6   0 . 0 5 3 9  
1 6   0 . 0 5 4 0  
1 6   0 . 0 5 3 8  
18  0.0536 
20   0 . 529  
20  0 . 530 
22  0 .0523 
24  0.0512 
24  0.0514 
26  0 .0490 
28   0 .0488 
28   0 .0489 
30   0 . 479  
0 .7543 
0 .7490 
0 .7523  
0 .7452 
0 .7403 
0 .7396 
0 .7388 
0.7324 
0 .7343 
0 .7265 
0.7266 
0 .7208  
0 .7222 
0 .7190 
0.7174 
0.7077 
0 .7086 
0 .6992  
0 .6848 
0 .6869 
0 .6553 
0 .6528 
0 . 6 5 4 1  
0.6406 
0 .0213  
0 .0282 
0 .0282  
0.0394 
0 .0573  
0 .0571  
0 .0789 
0 .0785 
0 .1093 
0 .1114  
0 .1513 
0 .2015 
0 .1953 
0 .2008 
0 .2493 
0 .3204 
0 . 3 1 1 1  
0.3870 
0 . 4 5 5 1  
0 .4508 
0 .5673 
0 .6360 
0.6317 
0.7398 
0 .0409 
0.1046 
0 . 1 0 2 1  
0 .1647 
0.2387 
0 .2360  
0 .3113  
0 .3100 
0 .3832 
0 .3898 
0 .4753  
0 .5566  
0 .5455  
0 .5555 
0.6364 
0 .7340 
0 .7233  
0 .8085 
0 .8862 
0 .8758  
1 . 0 0 6 8  
1 . 0 4 6 1  
1 . 0 3 3 8  
1 . 1 1 9 2  
-0.0429 
-0 .1054 
-0 .0998  
-0 .1558 
-0.2276 
-0 .2245 
-0 .3076 
-0 .3005  
-0 .3698 
-0 .3582 
-0 .4631  
-0 .5111  
-0.4910 
-0 .5088 
-0.6314 
-0 .7355 
-0 .7105 
-0 .8259 
-0.9040 
-0.8930 
- 1 . 0 6 5 1  
-1.1513 
-1.1377 
-1.2879 
0 .1616 
0 .1214 
0 .0912  
0.0582 
0 .0617  
0 .0592  
0 .0907  
0 .0725  
0 .0605 
0.0159 
0 .0606 
-0 .0045 
-0 .0206 
-0.0064 
0 .0556 
0 .0503  
0.0340 
0 .0533  
0 .0390 
0 .0382  
0 .0535  
0 . 0 7 2 1  
0 .0709 
0.0919 
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TABLE I - Continued 
DIAMOND - WING 
a0 M R e ~ x l O - ~  cD cL 'cp-'1/4 -
c 
4 0 .0560 
4 0 . 0 5 5 1  
4 0 .0547 
6 0.0564 
6 0.0556 
8 0 .0550 
8 0 . 0 5 4 1  
8 0 .0536  
1 0  0 .0546 
1 0  0.0544 
1 2   0 . 0 5 4 0  
1 2  0 .0525 
1 4   0 . 0 5 3 5  
1 4   0 . 0 5 2 0  
1 4   0 . 0 5 2 2  
1 6   0 . 0 5 1 7  
1 8   0 . 0 5 1 2  
18  0 .0512 
20  0 . 503 
22   0 .0490  
22   0 .0491  
24  0 .0482 
26  0 .0475 
26  0.0476 
28  0 .0469 
0 .1117 
0.1097 
0 . 1 0 9 1  
0.1124 
0.1107 
0 .1095 
0 .1078 
0.1068 
0 .1087 
0.1084 
0 .1075 
0 .1045 
0 .1065 
0.1036 
0 .1039 
0 .1030 
0 .1020 
0 .1020 
0 .1002 
0.0978 
0.0978 
0 .0960 
0 .0947  
0 .0950 
0 .0935 
0.0219 
0 .0213 
0.0207 
0.0310 
0 .0320 
0 .0481  
0 .0472 
0 .0465  
0 .0683 
0 .0706 
0 .1003  
0 .0972 
0 . 1 3 8 1  
0 .1352  
0 .1343  
0.1840 
0 .2408 
0 .2395  
0 .3046 
0 .3744 
0 .3770 
0 .4555  
0 .5364 
0.5360 
0.6347 
0 .0950 
0 .1002 
0 .0960 
0 .1477 
0 . 1 5 6 1  
0 .2175  
0 .2155 
0 .2123  
0.2767 
0 . 2 8 4 1  
0.3569 
0 .3510 
0 .4323 
0 .4282 
0.4277 
0 .5158 
0 .6072  
0 .6022 
0 .6940  
0 .7787 
0 .7833 
0 .8742 
0 .9594 
0 . 9 4 9 1  
1 . 0 3 9 3  
-0.0727 
-0 .0805 
-0 .0738 
-0.1133 
-0.1224 
-0 .1641  
-0.1608 
-0.1563 
-0.2020 
-0.2127 
-0.2652 
-0.2574 
-0 .3222 
-0 .3159 
-0 .3152 
-0 .3875 
-0 .4609 
-0.4527 
-0.5346 
-0.6082 
-0.6129 
-0.7030 
-0 .7802 
-0 ,7757  
-0 .8738 
0 .0864 
0 . 1 2 5 1  
0 .0905 
0.0864 
0.1030 
0 .0705 
0.0624 
0 .0528 
0.0418 
0.0594 
0.0480 
0 .0393 
0.0428 
0 .0363 
0 .0357 
0 .0404 
0 .0383  
0 .0313  
0 . 0 3 8 1  
0 .0367 
0 .0378 
0 .0458 
0 .0422 
0 .0442 
0 .0502 
TABLE I - Conc luded  
DELTA - WING 
xc - 2  
a0 M ReEx10 cD cL cM - C 
-5 P 1 / 4  
2 0 .0560 
4 0 .0546 
4 0 .0555  
4 0 .0557 
6 0 .0548 
8 0 .0546 
8 0 .0547  
1 0   0 . 5 3 9  
1 2   0 . 0 5 3 5  
1 2   0 . 0 5 3 8  
1 2   0 . 0 5 3 5  
1 4   0 . 0 5 3 2  
1 6   0 . 0 5 2 8  
1 6   0 . 0 5 2 7  
18  0 .0523  
1 8   0 . 0 5 2 2  
20  0. 516 
20  0 . 516 
22  0 .0503 
24 0 .0491  
24  0.0492 
26   0 .0483 
26  0.0484 
28   0 .0478 
0 .9315  
0 .9098 
0 .9236 
0.9266 
0 . 9 1 4 1  
0 .9102  
0 . 9 1 0 3  
0 .8987 
0 .8922  
0 .8949 
0 .8910  
0 .8853  
0 .8794  
0 .8775  
0 .8706 
0 .8687  
0.8587 
0 .8587 
0 .8374 
0 .8176 
0 .8192 
0 .8049 
0.8056 
0 .7965  
0 .0168  
0.0252 
0.0244 
0 .0244 
0 .0353 
0 .0520  
0 .0522  
0.0767 
0 .1100 
0 .1083  
0 .1092  
0 . 1 4 8 1  
0.1986 
0 .1948  
0 .2555 
0 .2550  
0 .3194 
0 .3182 
0 .4138 
0 .4735  
0 .4784 
0 .5754 
0 .5613  
0 .6517  
0 .0494 
0 .0991  
0 .1062  
0 .1069  
0 .1587 
0 .2306  
0 .2335 
0.3056 
0 .3878  
0 .3827 
0 .3888 
0.4656 
0 .5576 
0 .5522  
0 .6483 
0 .6453  
0 .7372 
0 .7342  
0.8415 
0 .9188 
0 .9165 
1 . 0 1 2 2  
0 .9982  
1 . 0 8 1 7  
-0.0447 
-0.0834 
-0.0960 
-0 .0971  
-0 .1315 
-0 .1960 
-0.1976 
-0 .2589 
-0 .3313 
-0 .3220 
-0 .3290 
-0.3956 
-0 .4798  
-0 .4680 
-0.5585 
-0 .5555 
-0 .6355  
-0 .6347 
-0.7569 
- 0 . 8 1 8 1  
-0 .8255 
-0 .9513 
- 0 . 9 2 5 1  
-1 .0316 
0.1438 
0 .0792 
0 .1420 
0 .1465  
0.0644 
0 . 0 8 2 1  
0 .0790 
0 .0742 
0 . 0 7 4 1  
0 .0618 
0.0667 
0 .0616 
0 .0625  
0 .0510  
0 .0533  
0.0524 
0 .0428  
0 .0450  
0 .0596 
0 .0431  
0 .0504 
0 .0690 
0 .0595  
0 .0683  
1 4  
SEE NOTE I 1 
I " -I 
DELTA WING v %"2.763 -q 
b-3.790(REF:) .-q 
BODY DETAIL (TYR 1 
Notes ,: 
Figure 1. MODEL CONFIGURATIONS 
1. Wing  Bevels  (Half  Angle) : 
Leading Edge: 7'3' 
Trailins Edge: 9'20' 
Wings: Fiherglass  Sheet 
Body: Armco  Inqot  Iron 
Linear: -+0.001 , 
Angular: - t .0 . lo  
2. Material: 
3. Tolerance : 
1.2 
I .o 
.8 
CL 
.6 
.4 
.2 
1.2 
- I .o 
- .8 
- .6 
- .4 
0 
1.2 
I .o 
.8 
.6 
0 5 I O  15 20 25 
Q (DEGREES 1 
30 
Figure 2. LIFT COEFFICIENT VERSUS ANGLE OF ATTACK 
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Figure 4. PITCHING MOMENT mSUS ANGLF: OF ATI'ACK 
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Figure 5. CENTER OF PRESSURE  LOCATION  VERSUS ANGLE OF ATTACK 
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Figure  6 .  CENTER  OF  PRESSURE  LOCATION  VERSUS ANGLE O F  ATTACK 
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Figure  7. CENTER OF PRESSURE  LOCATION VERSUS ANGLE OF ATTACK 
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Figure 8. LIFT COEFFICIENT VERSUS ANGLE OF ATTACK 
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F i g u r e  9 .  PITCHING MOMENT COEFFICIENT  VERSUS ANGLE OF ATTACK 
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Figure 10. INDUCED  DRAG  COEFFICIENT  VERSUS  ANGLE OF ATTACK 
1.2 I I I I I 
e 
1.0 
0.8 
cL 0.6 
0.4 
0.2 
0 
0 5 IO 15 20 2s 30 
Q (DEGREES) 
Figure 11. LIFT  COEFFICIENT  VERSUS  ANGLE OF ATTACK 
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